ABSTRACT Records on 47,360 Yorkshire, 28,762 Landrace, 14,020 Duroc, and 9,983 Hampshire pigs for backfat depth and days to 100 kg made between 1989 and 1992 in herds on the Ontario Swine Improvement Program (OSIP) were used to estimate additive genetic (animal), common environmental (litter), and residual variances and covariances of the two traits. Analysis was by the DFREML program of K. Meyer using a multiple-trait individual animal model with fixed effects of genetic groups and herd-yearseason-sex and random effects of animal, litter, and residual. A complete relationship matrix was used. Heritabilities were 5 1 , 5 3 , .55, and .50 for backfat and .31, .30, .26, and .32 for days to 100 kg in Yorkshire, Landrace, Duroc, and Hampshire, respectively. Genetic correlations between backfat and days to 100 kg were -.16, -.06, -.17, and -.lo for Yorkshire, Landrace, Duroc, and Hampshire. Respective phenotypic correlations were -.08, -.04, -.12, and -.09. Litter effects were large, particularly for days to 100 kg. Resulting common environmental ( c 2, effects were .11, .lo, .lo, and . l l for backfat and .26, .27, .29, and .22 for days to 100 kg for Yorkshire, Landrace, Duroc, and Hampshire. Estimates were highly consistent across breeds and average heritabilities of backfat and days to 100 kg were .52 and .30. Corresponding average c2 effects were .10 and .26. Average genetic and phenotypic correlations between backfat and days to 100 kg were -.13 and -.08.
Introduction
Genetic evaluation using an animal model was implemented in Canada in 1985 for herds on the Canadian Swine Improvement Program . Initially, the traits of backfat depth and days to 90 kg (later 100 kg) were evaluated, and more recently genetic evaluations for measures of litter size have been implemented. Genetic evaluations using data from all herds are performed four times per year. Herd updates are made using portable microcomputers with each visit of the technician for weighing and probing pigs, usually every 3 wk. These evaluations are used to provide estimates of breeding values of candidates for selection and measures of genetic change in each herd and in the population at large.
J. Anim. Sci. 1994 . 72:1450 -1454 Accuracy of genetic evaluation under an animal model and, therefore, response to selection depend to some extent on accurate estimates of genetic parameters used in the evaluation. Estimation of response to selection, and hence assessment of the effectiveness of the breeding program, depend critically on the genetic parameters assumed (Thompson, 1986; Sorensen and Johansson, 1992) .
Genetic parameters in current use in the Canadian Swine Improvement Program were derived under sire and litter models some time ago Savoie, 1986) . Recent developments in computer hardware and software (Meyer, 1991; Boldman and Van Vleck, 1991) now allow estimation of genetic variances and covariances in large data sets under animal models. The objective of this study was to obtain multiple-trait estimates of genetic parameters of backfat and days to 100 kg for Canadian Yorkshire, Landrace, Duroc, and Hampshire pigs by REML under an animal model. and Hampshire pigs born between 1989 and 1992, inclusive. The earliest data were from 1989 because this coincided with the introduction of on-farm portable microcomputers in Ontario that allowed data editing on the farm. As a result, frequency of errors in the data was greatly reduced from the previous system. Numbers of records, litters, and herd-yearseason-sex groups by breed are shown in Table 1 . Seasons were January to June and July to December. Sexes were boars and gilts. No barrows were included. Backfat and days adjusted to 100 kg were the traits of interest. Backfat thickness was measured ultrasonically (A mode) at the midback and loin on both sides, 5 cm from the midline. Average backfat was adjusted to 100 kg, as was days (Kennedy and Chesnais, unpublished data) . All pigs were recorded for both traits. Age and fat records were adjusted multiplicatively for sex of pig to a female base (Kennedy, 1984) to equalize variances of male and female records. Additional details on testing and recording procedures are given in Kennedy (1984) . Means and standard deviations by breed are shown in Table 1 .
The data were analyzed within breed according to the following multiple-trait model:
where i represents the ith trait (backfat or days to 100 kg), pi is the population mean, hyssij is the fixed effect of herd-year-season-sex, lik is the random effect of litter of birth 4 0 , I c T~) , tlql is the sum of the fractional contributions ( t l ) of each of p genetic groups (ql) , aijklm is the random effect of animal 4 0, ACT,), where A is the numerator relationship matrix among animals, and eijklm is the random residual -40, 16).
All pigs with records were identified with respect t o both sire and dam. To account for past selection, ancestors without identified parents were assigned to genetic groups based on sex and year of birth. Because both sire and dam information was missing for ancestors, male and female groups were staggered by 2 mo to eliminate confounding of male and female groups. Group effects were treated as fixed (Quaas, 1988) . Sex effects were included in the model, even though records were sex-adjusted to a female basis, to account for herd x sex interactions.
Estimation of variances and covariances was by the multiple-trait DFREML program (DFMUV) of Meyer ( 199 1). Prior estimates for the multiple-trait program were obtained from single-trait REML analyses (DFUNI) of the traits and their pairwise sums. The convergence criterion was 10-8 for all analyses.
Results
Estimates of genetic, litter, and residual variances and covariances for backfat and days to 100 kg are shown in Table 2 . For backfat, genetic variance was greater than residual variance in all breeds. Litter variance was less than one-fourth the genetic variance. For days to 100 kg, in all breeds genetic variance was less than residual, and litter and genetic variances were approximately the same size. Covariances between backfat and days to 100 kg were small and were largely negative. Genetic covariances were largest and residual covariances were smallest. Total variation in backfat was lower in Hampshire than in the other three breeds. Total variation in days t o 100 kg was least in Duroc and Hampshire and greatest in Yorkshire.
Estimates of heritabilities ( h 2 ) and common environmental effects ( c 2 ) for backfat and days to 100 kg are given in Table 3 . Heritabilities for backfat ranged from 5 0 to .55 and averaged .52, and were highly consistent across breeds. Similarly, common environmental effects ranged from .10 to . l l and averaged .lo. Heritabilities of days to 100 kg were lower than those for backfat and ranged from .26 to .32, with an average of .30. Common environmental effects were larger than those for backfat and ranged from .22 to .29, with an average of .26. Again, there was considerable consistency across breeds in parameter estimates.
Estimates of genetic (rg), litter (rc), environmental
( r e ) , and phenotypic correlations ( r between backfat and days to 100 kg are given in Table 4 . All correlation estimates were negative except for re = .02 for Landrace. Genetic correlations between the two traits averaged -.13 and ranged from -.Of3 in Landrace to -.17 in Duroc. There were sizable negative litter correlations that ranged from -.lo to -.26 and averaged -. 13. Environmental correlations were small and close to zero (-.08 t o .02). In all breeds, phenotypic correlations were smaller than genetic, and ranged from -.04 to -.12 with an average of -.08.
Discussion
If the base population from which the numerator relationship matrix is constructed has been subject t o selection, biased estimates of breeding values and variance components result. In prediction of breeding values, the usual remedy is to assign base population animals to groups that are formed to reflect past selection practices (Quaas, 1988) . As shown by PerezEncisco and Fernando ( 19921, however, the genetic group model does not remove selection bias completely, largely because of incorrect assumptions regarding the variance of base population animals (Kennedy, 1991 that are unbiased (Pieramati and Van Vleck, 1993) . The bias can seemingly be removed by correct specification of the variance-covariance matrix among selected base animals (van der Werf, 1992), but that would require specific knowledge of the selection that took place, which would not be available in most cases. Pieramati and Van Vleck (1993) suggested examining differences between estimates of variance components from models with and without genetic groups t o determine whether prior selection had occurred. Analyses for backfat and days to 100 kg were performed without groups in the model and estimates of genetic variance were considerably reduced. Although it is not without its limitations, the model with genetic groups was preferred because less bias was likely than from ignoring groups, and this is the model used in practice for prediction of breeding values.
The animal model REML estimates from this study were remarkably consistent across breeds and much more consistent than previous estimates obtained using a sire model and approximate REML methodology (Henderson, 1980) from an earlier and slightly larger sample of the Ontario performance-tested population . Based on the present study, it seems likely that differences between breeds are small with respect to genetic parameters for backfat and days to 100 kg. A common set of parameters based on average values might be applied to all breeds in this population.
For backfat, estimates of heritability were within the range of estimates from the previous study (.40 to .61), but as pointed out they were much more consistent across breeds. These were slightly higher than a literature average of .44 reported by Hutchens and Hintz (1981) and a more recent literature average of .45 reported by Ducos et al. (1993) . In the Ontario performance testing program, technicians receive considerable training on use of ultrasonic equipment for measuring backfat depth and in recent years technicians have been regularly monitored for consistency and accuracy of machine operation. Such quality control measures might contribute to more accurate measurement of biological variation in backfat.
Estimates of heritability of days to 100 kg ranged from .26 to .32 and were slightly lower than previous estimates (.27 to .46) from this population and lower still than the average literature estimate of .47 of Hutchens and Hintz (1981) . A more recent literature average of .32 reported by Ducos et al. ( 19 9 3 ) was only slightly more than the average heritability from this study. Some literature estimates have not properly accounted for common environmental effects, which are substantial for days to 100 kg (Table 31 , and this could have contributed to an upward bias in these estimates. Also, in the Ontario population, selection for reduced days to 100 kg has become increasingly intense in recent years. Such selection would reduce real genetic variance, as a result of increased gametic disequilibrium, and in addition can contribute to an underestimation of true variance. Inbreeding is not likely to be a major factor affecting genetic variance in this population. Accumulated inbreeding over the 3 yr of data was less than 1% in this study and prior inbreeding rates were low (Hubbard et al., 1990) .
As indicated, common environmental effects on littermates are large for days to 100 kg and represent 22 to 29% of total variation. These estimates, although large, are somewhat smaller than previous estimates for this population of 31 to 37% . Genetic evaluation systems for growth traits ought to include a litter term to accommodate this variation. Inclusion of a litter term can, in addition to common environmental effects, accommodate genetic maternal and dominance effects with reasonable accuracy (Johansson et al., 1993; Roehe and Kennedy, 1993) . Litter variance for backfat depth ( c 2 = . l o ) is much smaller relative to days to 100 kg. Values from this study were just slightly lower than corresponding values from the previous study, and litter variance is of some, but not major, importance t o the expression of backfa t depth .
The covariance between backfat and days to 100 kg is largely genetic and is negative. Nonetheless, it is relatively small. The genetic correlation averaged -. 13 and ranged from -.06 to -.17 and the phenotypic correlation averaged -.08 and ranged from -.04 t o -.12. Except for the Hampshire breed, whlch previously had a large estimated genetic correlation for this population of -.43 , estimates of genetic correlations between backfat and days to 100 kg were similar to previous estimates for Ontario and from the literature (Hutchens and Hintz, 1981; DUCOS, 1993) .
The current genetic evaluation system for backfat and days to 100 kg is based on a single-trait animal model . Selection, however, is on index that combines the two traits (Kennedy, 1987) . It has been shown that even a small genetic correlation between traits can bias estimates of response t o selection when response on a trait is estimated by single-trait methods and selection has been on a correlated trait (Sorensen and Johansson, 1992) . Currently in Canada, estimation of response to selection or genetic trend is based on breeding value estimates from single-trait analyses. The next step is to use the multiple-trait estimates of genetic parameters obtained from this study to measure response to selection in the Canadian performancetested population based on multiple-trait animal models.
Implications
Effectiveness of selection and accuracy of estimated response depend on accurate estimates of genetic parameters of the traits under selection. Principal traits selected in the Canadian Swine Improvement Program are backfat and days to 100 kg. The genetic parameters obtained in this study should be more reliable than past estimates and their use should lead to more accurate selection and estimation of response.
